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Humans may also be exposed to preformed nitrosamines that occur
as contaminants in some foods, chiefly in nitrate- or nitrite-treated
products (Gough et_ al^., 1978; Spiegelhalder e£ al., 1980; Stephany and
Schuller, 1980). The largest single dietary source of nitrosamines
was beer until recently, when maltsters reduced the concentrations by
modifying the malting processes. The most important sources of nitros-
amines in the diet are now cured meat products, especially bacon, which
contributes approximately 0.17 yg of nitrosopyrrolidine per person
daily.  In the United States, the intake of nitrosamines from all
dietary sources, including beer, is estimated to be approximately 1.1
yg/day.
Nitrate can be converted to nitrite by bacterial reduction in the
saliva.  Roughly 25% of ingested nitrate is recirculated into saliva,
and approximately 20% of salivary nitrate is reduced to nitrite
(National Academy of Sciences, 1981).
The formation of nitrate by bacteria in the large intestine
(heterotrophic nitrification) has been postulated as one mechanism to
account for differences in ingestion and urinary excretion of nitrate
by humans (Tannenbaum et_ al., 1978). However, these conclusions appear
to be eirroneous since studies in germfree rodents indicate that such
reactions are not important (Green et_ a^., 1981). Moreover, the nitrate
content of ingested food, water, and air may have been underestimated
in the earlier studies.  Recent studies suggest that mammalian tissues
synthesize nitrate and that this may partially explain excess urinary
nitrate excretion (Green e£ al., 1981; Parks e£ a.1., 1981). However,
the amount of nitrate produced endogenously appears to be less than
that suggested in earlier studies by Tannenbaum e£ a.1. (1978).
The formation of N-nitroso compounds in vivo has been well docu-
mented in laboratory animals (Mirvish et_ al^ , 1980).  In humans, the
evidence is sparse. However, one recent study provides direct evidence
that nitrosamines are synthesized in humans following the ingestion of
an amine (proline) and nitrate (Ohshima and Bartsch, 1981). In that
experiment, the ingestion of a large excess of ascorbic acid or a-
tocopherol effectively reduced the endogenous formation of nitrosa-
mines.
Epidemiological Evidence
Studies conducted in Colombia, Chile, Japan, Iran, China, England,
and the United States (Hawaii) have indicated that there is an associa-
tion between increased incidence of cancers of the stomach and the
esophagus and exposures to high levels of nitrate or nitrite in the
diet or drinking water.  (See, for example, Armijo and Coulson, 1975;
Ami jo e£ al., 1981; Correa e£ al., 1975; Cuello e£ a!L., 1976; Haenszel
et al., 1972; Higginson, 1966; Meinsma, 1964).

